A small-scale Hybridized Solar PV-AC Grid (HSPVACG) power system has been developed to operate along with AC grid. This system consists of a photovoltaic, array installed on the rooftop, a hybrid power controller (HPC) and an inverter. This newly developed (HPC) works in such a way that for a particular predetermined load the maximum available solar power is utilized and the remaining power is drawn from the AC grid. By placing the HSPVACG on the rooftop, we can avoid the use of land that is scare and expensive. Moreover the roof in the metropolitan city of Delhi is flat, which implies that system can be placed in such a way so as to get maximum output from the PV modules. The load requirement and the power flow are continuously monitored. The power generated from solar panels is given preference over grid power such that the sum of the two powers equals to the required total load for the utilization of maximum solar power. This HSPVACG power system is best suited for operation during the daytime however a battery backup of twohour duration can be incorporated for operation beyond sunshine. The system provides optimum economical use of solar PV power with a lot environmental benefits especially in an urban sector.
Introduction
India has a large land area with an average solar energy of 5kWh/m 2 per day over 280 clear days per annum. Even if 1 % of this land is used to harness solar energy at an over all efficiency of 10 %, as much as 429xlO
9 kWh/year of electricity can be generated. There are many solar PV power plants of large and medium ranges (200,100,50,25-Kw p ) working satisfactorily amounting to 3.07MW p . In India more than 1,50,000 numbers of home lighting systems and 3,50,000 numbers of solar lantern are operating in different villages over the country in the last five years. Indian power grid is always overburdened due the gap between the supply and demand and therefore power in the secondary distribution of grid is not always available. In spite of non-reliable grid there is hardly any demand of SPV systems in the urban and commercial sector of a developing country like India. The main reason for this being lack of knowledge and unavailability of economically attractive or affordable solar PV system for use in urban/semi-urban area. A grid connected solar PV power plant will not be able to supply power for the period there is no power in the secondary distribution grid. This will make the solar PV power plant less efficient and under utilized, more over it also requires a sophisticated and costly inverter to operate with the fluctuating voltage and frequency of the grid [1] . In standalone mode the solar PV power plant requires storage batteries for security of supply. The battery makes the system expensive; decreases efficiency, poses safety concern and requires periodic maintenance. In this paper we investigate the hybridization of solar PV power system with AC grid in the urban environment, A small solar PV system including the control unit with grid connected utility have been developed. The objective of this work is to examine the technical feasibility and economical viability of a medium size HSPVACG system suitable for urban environment to work along with grid connected loads. This will decrease the daytime load on the grid and conserve energy. This system focuses on the often-overlooked fact that the existing grid coupled emergency power packs in the range of 500 watt to lkw having storage batteries as a backup source draws considerable amount of electricity from the grid supply for its regular normal operation leading to a significant enhancement of the monthly/annual electricity bill of the consumer. For instance a grid coupled emergency power pack with batteries designed to provide power continuously for about four hours has to draw electricity from the grid supply for at least ten hours for its normal boost charging and another ten hours for trickling charging to maintain its readiness of operation. HSPVACG power system consists of Solar PV arrays and is best suited for daytime operation. The distinct advantage of this power system it that it works when grid power is available and it also works (supplies power) when grid power is not available. This HSPVACG power system requires no high value land, no separate structure, commercial use of flat roof surfaces with no citing and permitting cost and transforms unused roof area into electrical power generating space that is sufficient to offset significant portion of building's day time peak load. Power generated from the solar PV array is fed to the inverter, which feeds the power to the load through the control unit. The wiring for the total load has to be segregated and divided into three priority groups. The function of specially designed control unit for the HSPVACG power system is to sense the load requirement and availability of power from solar arrays. The controller connects all the available solar power to the segregated loads and the remaining loads to the AC grid there by facilitating maximum use of solar power and reducing loads on the over burdened grid.
The electricity requirement of Delhi in the year 2002-2003 was 21,000 million units for the 2.5 million consumers. Delhi electricity supply companies are finding it difficult to supply the required amount of electricity to the consumers especially during hot summer months. To cope up with this peak demand, the supply company resorts to rotational and selective load shedding causing a lot of inconvenience to the consumers. These consumers are forced to use small D-G sets for their electricity need. The D-G sets usually do not meet the pollution standards set by the authorities of Pollution Control Board. Therefore these large numbers of small D-G sets adds up to the already polluted atmosphere of Delhi [4] .
System Operation
The proposed HSPVACG (shown in figures 1 and 2) power system works satisfactorily under various conditions like AC grid failure, low sunshine, and even on no sunshine. The system under study for the metropolitan city of Delhi consist of 6 fans of 60 watts each and 6 fluorescent lamps of 40 watts each totalling 600watts as load, PV modules of 840-W p , Inverter of 1KVA, controller and battery bank (optional). It can operate up to 700VA, either fully from solar PV power or partially from grid power and partially from solar PV panels. In a full sunny day all the loads up to 700 VA can be taken up by the HSPVACG power system alone. In case of AC grid failure all the loads are put priority wise on the Inverter. HSPVACG power system can cater to at least 60% of loads efficiently on a normal sunny day even if AC grid power fails up to 6 hours during the daytime. The system can work on an annual daily average of 6 hours on the monthly fixed loads of 126 kWh drawn from the system.
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The performance of hybrid power controller developed [3] for a 500-watt system have been tested and evaluated successfully for lkW system. To check the availability and magnitude of power, one additional solar module of same voltage rating is used. This is referred to as reference module and the signal received by this module is called as reference signal. The voltage of the solar module when connected to a load falls as the load current increases, the power is drawn from the SPV system only when the voltage of SPV system is in between 80% to 60% of the rated capacity. The voltage comparators sense the voltage level. The out put voltage of the solar panel connected to the load determines the power availability from the panel. When the voltage reaches 80% of the specified voltage (reference voltage) the load is connected to the SPV panel. When the voltage drops to 60% of the rated voltage either due to low insolation or due to increase in load current, the controller puts a part of segregated load on the acgrid. When the module voltage starts increasing either due to fewer loads or increase in insolation level and reaches 80% of the rated voltage, the load is reconnected with solar module and cuts off at 60% of the rated voltage. This process is repeated continuously and the maximum available power from solar module is utilized. The circuit diagram of the HPC is shown in figure 3 .
Techno Economic Analyses
To conduct a comparative techno economics analysis of the proposed small-scale HSPVACG power system and the conventional emergency inverter-battery power pack of 600 watt have been investigated. The Inverter-Battery Emergency Power Pack (IBEPP) will be drawing power from the AC grid for (i) compensating the energy drawn from the battery during power shut down through boost/normal charging (ii) making up of the no load loss of the battery bank through trickle charging. The recharge of the battery takes place normally at the rate of 10-hr (c-10) for tubular stationary batteries. For instance, a 40-ampere hour battery, the charging current is 8 Amp. Assuming the watt-hour efficiency of the battery to be 70%, transformer's efficiency 93%, the energy required /day for recharging a 24 V, 80 ah battery is (24 Volt x 4 Amp x 10 hours)/(0.7x0.93) = 2.58 kWh. Therefore the monthly energy consumption for recharging the battery bank of 80 ah and 24 Volt comes out to 30 x 1.29 =38.7 kWh. Let the efficiency of inverter for the IBEPP be 85% and the permissible depth of discharge of the battery is 80%. The efficiency of charging transformer is assumed to be 93%. The trickle charging to make up for the no load loss of the battery and the additional no load loss of the transformer are jointly taken as 10% of the full load capacity of the transformer [2] .
Results
This HSPVACG system shall be able to utilize 9.6-m 2 area of the rooftop, thus avoiding the use of land that is scarce and expensive. Moreover the roof in the metropolitan city of Delhi is flat, which implies that system can be placed in such a way so as to get maximum output from the PV modules. Experimental data shows that around 968 kWh can be generated annually at Delhi from an array of 24 PV modules of 35W P each. Thus for a fixed total annual energy demand of 1512 kWh from the system, annual energy drawn from the PV arrays were 968 kWh and the remaining 544 kWh were drawn from the AC grid. Therefore 64% of grid electrical energy was saved by this small 840-W p PV system. In its lifetime of 30 years the HSPVACG shall be able to recover the amount invested and can save around 15870 Kg of CO2 emissions, 167 Kg NOj emissions, 129 Kg SO 2 emissions and 3S77 Kg Particulate matters after its energy payback time. If this system is adopted by 0.375 million consumers which is only 15% of the total consumers, the total electricity saving could be around 36.3 million units during daytime.
Summary and Conclusions
A small-scale Hybridized Solar PV-AC Grid (HSPVACG) power system has been developed to operate along with ac grid. This system consists of a photovoltaic array installed on the rooftop, a hybrid power controller (HPC) and an inverter. This newly developed (HPC) works in such a way that for a particular predetermined load the maximum available solar power is utilized and the remaining power is drawn from the AC grid. By placing the HSPVACG on the rooftop, we can avoid the use of land that is scare and expensive. The load requirement and the power flow are continuously monitored. The power generated from solar panels is given preference over grid power such that the sum of the two powers equals to the required total load for the utilization of maximum solar power. This HSPVACG power system is best suited for operation during the daytime however a battery backup of two-hour duration can be incorporated for operation beyond sunshine. The system provides optimum economical use of solar PV power. This system is in fact can be substituted by the IBEPP (battery-inverter-charge controller) which is widely being used in developing countries due to unreliable grid. These IBEPP consumes a large amount of electricity additionally, to keep it operating which ultimately loads the over burdened ac grid further. HSPVACG system produces pollution free gTeen electricity, which is very attractive in urban environment. ( 
